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Electrospray ionization/tandem mass spectrometry of proteins separated on sodium dodecyl-
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gels is severely limited by the
requirement that the protein be completely separated from the SDS. As shown here, the
gaseous noncovalent SDS adducts of protonated proteins thus formed can be dissociated by
infrared irradiation. ESI spectra from myoglobin in SDS-containing solutions show molecular
ions adducted with up to 15 dodecyl sulfates, but ir irradiation of these ions causes complete
dissociation to expel the SDS. (J Am Soc Mass Spectrom 1999, 10, 453–455) © 1999
American Society for Mass Spectrometry
Sodium dodecyl sulfate polyacrylamide gel electro-phoresis (SDS-PAGE) is a widely used and generaltechnique for separating proteins from biological
samples, with potentially over 1000 protein spots dis-
tinguishable on a two-dimensional gel of complex sam-
ples such as cell extracts [1]. For structural characteriza-
tion of proteins, mass spectrometry (MS) has recently
become very useful, utilizing accurate molecular and
fragment masses from ionic dissociation and enzymatic
cleavage. Matrix-assisted laser desorption ionization
(MALDI) can provide mass spectra of intact proteins
still in the gels, as Loo et al. have shown with high
throughput analysis of complex gels to obtain molecu-
lar weight data [2]. However, the multiply charged ions
produced by electrospray ionization (ESI) can be con-
veniently dissociated to provide fragment ion (MS/MS)
sequence information. Further, ESI combined with Fou-
rier-transform MS also provides unusually high resolv-
ing power and mass accuracy. For ESI/MS and ESI/
MS/MS of proteins isolated in gels, the most common
approach is proteolysis, either in the gel matrix or after
electrotransfering to a membrane surface (reviewed in
[3]).
Matching these masses to those expected from
cDNA-derived sequences in protein databases has been
widely applied for identification of proteins [3–5]. How-
ever, the mass measurement of whole proteins is highly
beneficial as a first step in characterizing modifications,
heterogeneity, and sequence discrepancies [6–8]. Few
reports describe ESI MS of intact proteins after SDS-
PAGE separation, mostly due to difficulties in remov-
ing the SDS detergent while still keeping the protein in
solution. The methods are either based on electroelution
[9, 10] or passive elution [11, 12] to bring the protein out
of the gel matrix. Various techniques can then be used
to reduce the concentration of SDS and other contami-
nants, such as chromatography [11], protein cartridge
desalting [12], or cold acetone precipitation [9].
Infrared multiphoton dissociation (IRMPD) [13] has
previously been reported to reduce noncovalent adduc-
tion both from proteins such as BSA [14] and from DNA
[15]. We now show that the technique also applies to
SDS adducts, thereby allowing a much higher concen-
tration of SDS in the final electrospray solution.
Experimental
Data were recorded on a modified 6T Finnigan FTMS
described previously [16], with nanospray sample injec-
tion [17]. Horse Apo-Myoglobin (16,951 Da) was dis-
solved at 20 mM in varying concentrations of SDS,
boiled, and acidified to 3% acetic acid before analysis.
Also, aliquots were run on a 12% SDS PAGE gel that
was stained with 0.1% Coomassie blue R-250 in 10%
methanol, 0.5% acetic for 1–2 h, and destained in 10%
methanol for 4 h [18]. The protein spots were cut out
and electroeluted for 4 h with an Amicon Centrilutor
(Beverly, MA) into a 0.01% SDS, 75 mM ammonium
acetate solution, subsequently partially desalted with
ultrafiltration, using a Microcon-10 spin filter (Amicon),
concentrated to a final volume of 25–50 mL.
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Results and Discussion
The ESI spectrum of myoglobin in 0.01% SDS (0.35 mM)
showed adduction peaks with up to 8 DS adducts (266
Da each, corresponding to protonated dodecyl sulfate)
(Figure 1a). These are fully eliminated after 80 ms of IR
irradiation (Figure 1b). In the presence of 0.1% SDS (3.5
mM), peaks corresponding to the protein and pro-
tein-DS adduct complexes are of much lower intensity
and peaks corresponding to SDS complexes dominate
the spectrum, with (4 Na1 1 3 DS2)11 being the most
abundant peak (Figure 2, top). Again, after ir there are
no DS adducts visible, but significant sodium adduction
is left and the signal-to-noise ratio (S/N) is much lower
than after ir of the 0.01% SDS sample (Figure 2, bottom).
This spectrum was not easily reproduced, and the peaks
from SDS complexes were dominating in some subse-
quent spectra.
The same method was applied to myoglobin electro-
eluted after SDS-PAGE and Coomassie staining. The
low S/N seen without IRMPD precludes identification
of all adducts (Figure 3a), which appear to be more than
those of SDS only. Additional steps of ultrafiltration
also reduced the adduction. Adducts for Coomassie
stain were not seen although the bulk of the stain did
not pass through the filter and gave the sample a dark
blue color. Again, IRMPD of the sample shown in
Figure 3 successfully removed the residual SDS (Figure
3b). Varying amounts of myoglobin were loaded on the
gel, with high S/N spectra achieved from 3.5 mg (200
pmol), but less protein gave little or no signal, most
likely due to sample loss in the electroelution (protein
left in the gel and/or adsorbed to the ultrafiltration
membrane that collects the eluted protein; the fraction
of loss increases with low amounts of protein). Control
experiments (reapplying eluted proteins to gels and
quantifying after staining) indicated a 15%–35% elution
efficiency of 2–30 mg amounts of protein; this corre-
sponds to a 1–3 mM final concentration of the 3.5 mg of
eluted sample in a 20–30 mL volume (of which only 1–2
mL need to be applied to a nanospray tip). Similar
spectra of myoglobin molecular ions were acquired
from samples electroeluted from copper stained SDS
gels (data not shown). Interestingly, those spectra did
not show the 116 Da adduct peak (presumed oxida-
tion) of myoglobin that to a varying degree was seen in
all the eluted samples from Coomassie stained gels.
We have not yet been successful in applying the
Figure 1. (a) ESI/FTMS spectrum of horse myoglobin in a 0.01%
SDS solution, with labels in the zoomed-in portion indicating the
number (n) of adducted dodecyl sulfates (A). (b) The spectrum
after 80 ms of ir irradiation.
Figure 2. (Top) Spectrum of myoglobin in 0.1% SDS solution
with the SDS peaks labeled to indicate the number of ions in the
complexes, and some of the resolved protein and protein DS-
adduct peaks expanded. (Bottom) The same sample after 80 ms ir
irradiation with three of the peaks expanded to show the resolved
sodium adducts.
Figure 3. (a) ESI/FTMS spectrum of horse myoglobin electro-
eluted from an SDS-PAGE gel. The inset shows the (M 1 17H)171
and its monododecyl sulfate adduct (M 1 18H 1 DS)171. (b) The
spectrum after 100 ms of ir irradiation. Insets show expanded
spectra of (M 1 17H)171, where the black dots indicate the theo-
retical isotopic distribution. (The minor peak at M 1 16 Da is most
likely an oxidation product.)
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technique to larger proteins, such as carbonic anhydrase
(29 kDa) and the tyrosine kinase Lyn (56/59 kDa). The
larger proteins associate with more dodecyl sulfate
chains and might be harder to introduce into the mass
spectrometer as desolvated protonated DS-protein com-
plexes. In the case of Lyn, its larger size also resulted in
a further reduced elution efficiency. The method should
be applicable to smaller proteins such as the vast
number of yet-to-be characterized proteins of small
unidentified open reading frames (SMURF proteins).
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